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Abstract of JP 10341024 (A) 

PROBLEM TO BE SOLVED: To fabricate TFTs 
having different characteristics on the same 
substrate through same process by combining a low 
temperature annea! process with pulse laser 
irradiation or varying the conditions of pulse laser 
irradiation. SOLUTION: Crystallinity is improved in a 
region 204 by irradiating an amorphous silicon film 
on a substrate 201 with KrF excimer laser. 
Crystallinity is then improved for the entire silicon 
film including a region 203 by irradiating the entire 
surface of the substrate 201 with KrF excimer laser. 
Subsequently, the silicon film is patterned insularly 
to form the insular region 209 of a peripheral circuit 
and the insular region 210 of an active matrix region. 
Thereafter, impurities are implanted into the insular 
silicon film by ion doping while being self-aligned.; 
Finally, it is irradiated with KrF excimer laser in order 
to introduce an impurity region thus improving the 
degraded crystallinity. According to the method, N 
type regions 215, 217 and a P type region 216 are 
formed. 
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(57)[Abstract] 

[Purpose] Provision of a semiconductor device in which thin film transistors 

with different characteristics are formed over one substrate. 

[Structure] In a process of forming thin film transistors (TFTs) over an insulating 
substrate, after an amorphous semiconductor film is formed, selective irradiation with 
laser light with a different first condition is performed, then, the entire surface or a part 
of the substrate is irradiated with laser light with a second condition, whereby 
crystallinity of the thin film transistors are varied. Thus, a thin film semiconductor 
device is obtained in which thin film transistors with different characteristics are formed 
over one substrate. 

[Scope of Claims] 
[Claim 1] 

A thin film semiconductor device including an active matrix circuit and a 
peripheral driver circuit which are formed over an insulating substrate and include a 
plurality of thin film transistors which includes metal material whose main component 
is aluminium as a gate electrode, 

wherein an active region of the thin film transistor in the active matrix circuit is 
formed of a semiconductor crystallized by irradiation with laser light with low energy 
density, and 

wherein an active region of the thin film transistor in the peripheral driver 
circuit is formed of a semiconductor crystallized by irradiation with laser light with 
higher energy density than the laser light which is used for crystallizing the 
semiconductor in the active matrix circuit. 

[Detailed Description of the Invention] 
[0001] 

[Technical Field to which the Invention Pertains] The present invention relates to 
semiconductor devices having an integrated circuit in which many insulating gate type 
semiconductors are formed over an insulating substrate with laser light with high yield, 
specifically, relates to semiconductor devices having an integrated circuit in which 
many insulating type semiconductors are formed with high yield by crystallizing a 
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semiconductor material of an active matrix circuit and a peripheral driver circuit with 
laser light irradiation. Further, the semiconductor devices by the present invention are 
used as a thin film transistor in an active matrix in a liquid crystal display or the like, a 
driver circuit such as an image sensor or the like, an SOI integrated circuit, or a 
5 conventional semiconductor integrated circuit (such as a microprocessor, a 
microcontroller, a microcomputer, or a semiconductor memory). 
[0002] 

[Conventional Art] In recent years, formation of insulating gate type 

semiconductor devices (MOSFET) over insulating substrates has been actively studied. 

10 Such formation of semiconductor integrated circuits over insulating substrates is 
advantageous in high speed driving of the circuits. This is because, capacitance (stray 
capacitance) between a wiring and a substrate which mainly limits the speed of a 
conventional semiconductor integrated circuit does not exist over an insulating substrate. 
Such a MOSFET which is formed over an insulating substrate and has a thin film active 

15 layer is referred to as a thin film transistor (TFT). In a conventional semiconductor 
integrated circuit, a TFT is used as e.g., a load transistor of an SRAM. 
[0003] In addition, products in which a semiconductor integrated circuit needs to be 
formed over a transparent substrate have recently appeared. For example, a driver 
circuit of an optical device such as a liquid crystal display or an image sensor can be 

20 given. TFTs are also used there. Since those circuits are required to be formed in a 
large area, reduction in temperature of a TFT manufacturing process is desired. 
Further, for example, in a device including many terminals over an insulating substrate, 
in a case where the terminals need to be connected to a semiconductor integrated circuit, 
monolithic formation of an end portion of or the entire semiconductor integrated circuit 

25 itself over the same insulating substrate is considered in order to reduce a packaging 
density. 

[0004] As for TFTs, conventionally, an amorphous, semi-amorphous, or microcrystal 
semiconductor film has the crystallinity improved by annealing at temperatures of 450 
°C ~ 1200 °C, whereby it is improved to be an excellent (i.e., with sufficiently high 
30 mobility) semiconductor film. Although there is an amorphous TFT in which an 
amorphous material is used for a semiconductor film, its usage is severely limited in 
terms of the operation speed: a small mobility of 5 cm 2 /Vs or low, generally about 1 
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cm 2 /Vs, and in terms of unavailability of a P-channel type TFT. To obtain a TFT with 
a mobility of 5 cm 2 /Vs or higher, annealing at the above temperature has been necessary. 
Further, with such annealing, a P-channel type TFT (PTFT) can be formed. 
[0005] 

5 [Problem to be Solved by the Invention] However, in such a thermal process, a 
substrate material and the like were significantly limited. That is, in a so-called high 
temperature process (a process whose maximum process temperature is 900 ~ 1200 °C), 
although a high quality thermal oxide film was able to be used as a gate oxide film, an 
expensive material such as quartz, sapphire, or spinel with which increase in size is 

1 0 difficult could only be used for a substrate. 

[0006] On the other hand, in a low temperature annealing process (a process whose 
maximum process temperature is 450 ~ 650 °C and is characterized in that a 
semiconductor with a low cry stall inity like an amorphous state or an equivalent state is 
annealed at temperatures of this degree), a material for a substrate can be selected from 

1 5 a wider range than in a high temperature process, but characteristics of the obtained TFT 
(such as a ratio between ON current and OFF current or mobility) are not always 
satisfactory. For example, in the case where TFTs are used for an active matrix liquid 
crystal display device, the TFT which is obtained by such a low temperature annealing 
process had sufficient characteristics as a TFT in an active matrix but did not have 

20 satisfactory mobility to use for a peripheral circuit. An advantage of applying high 
speed driving (a mobility of 5 cm 2 /Vs or higher) to, for example, a liquid crystal display 
device or the like is that such a peripheral circuit can also be manufactured by the same 
process. However, a technique for manufacturing TFTs separately depending on the 
required characteristics has not been considered particularly. 

25 [0007] The present invention is made in view of the above circumstance. The 
present inventors developed an optimal method for manufacturing TFTs having 
different characteristics over one substrate by the same process, in which, for example, 
high-speed and high-mobility TFTs are manufactured while low-OFF current TFTs are 
also manufactured over the same substrate. The present invention provides thus 

30 manufactured semiconductor device having excellent electrical characteristics which 
have not been able to be obtained conventionally. 
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[0008] 

[Means for Solving the Problem] The present invention is characterized in that 
characteristics of the obtained TFTs are controlled by improvement of crystallinity of a 
semiconductor film by pulsed laser light irradiation, as well as a conventional thermal 
5 equilibrium process. For example, by combination of a low temperature annealing 
process and pulsed laser irradiation or change in condition of pulsed laser irradiation, 
the above object is achieved. 

[0009] For example, although a TFT using crystalline silicon obtained by pulsed laser 
irradiation is of extremely high-speed and high-mobility, pulsed laser irradiation cannot 

10 be applied to a batch process and it takes about 1 minute to process one 400 mm x 300 
mm substrate with a current laser. On the other hand, a low temperature annealing 
process can be applied to a batch process and if the oxygen concentration in a silicon 
film is, for example, 10 18 cm 2 /Vs [sic.] or lower, a TFT with sufficient characteristics 
for the use of an active matrix for general display is obtained by annealing at 550 °C for 

15 1 hour. In addition, it is possible to shorten the time. For example, if 60 substrates 
are processed at the same time, the takt time can be made the same as the process of 
laser irradiation. With running costs into consideration, a low temperature annealing 
treatment process becomes much more advantageous. 

[0010] However, the low temperature annealing process does not have excellent 
20 characteristics as a peripheral circuit, as described above, and therefore, cannot manage 
to form the peripheral circuit only by itself. In this case, combination of a laser 
irradiation process and a low temperature annealing process can solve it. In other 
words, only a peripheral circuit portion is mainly laser irradiated, and the other region is 
crystallized by low temperature annealing. 
25 [0011] In that case, note that the first crystallizing step roughly determines the 
characteristics of an amorphous semiconductor. For example, if silicon which is first 
subjected to low temperature annealing to be crystallized is further subjected to laser 
irradiation, the characteristics are not remarkably improved. That is, to obtain a high 
mobility TFT, laser irradiation has to be performed first. 
30 [001 2] In another structure of the present invention, characteristics of an obtained TFT 
are controlled by changing a pulsed laser irradiation condition. In general, the larger 
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the energy density of the laser is, the higher the mobility of the TFT becomes, although 
depending on a semiconductor material and a wavelength of the laser. If the energy 
density is too high, the TFT characteristics will be damaged instead. According to the 
knowledge of the present inventors, in the case where a KrF excimer laser (a 
wavelength of 248 nm and a pulse width of 10 nsec) is used as a laser, appropriate 
energy density is 200 - 350 mJ/cm 2 with the number of shots being in the range of 1~ 



50. 



[00 1 3] Also in that case, note that if laser irradiation overlap, characteristics of TFTs in 
that portion are affected by condition of a laser which is used for the first irradiation. 
In other words, if laser irradiation is first performed with a condition for low mobility 
TFTs, even if laser irradiation is performed with a condition for high mobility ones after 
that, it is almost impossible to manufacture high mobility TFTs. 

[0014] In the present invention, a laser beam has an appropriate shape. Therefore, a 
laser beam allows selective laser irradiation without using a mask. However, in micro 
processing, a small amount of leakage of laser light may have great influence on the 
surroundings. Therefore, the use of an appropriate mask is also needed. It is 
needless to say that patterning by general photolithography steps is indispensable for 
manufacture of TFTs with different characteristics in a complex circuit. Further, in the 
case in which a requirement on accuracy is more lenient, a mask like a metal mask 
which is used without being closely attached to the substrate may be used. For 
example, as in the case of an active matrix and a peripheral circuit in a liquid crystal 
display device in which blocks are apparently placed with a distance, a special mask is 
not necessary used, but the matrix and the peripheral circuit are desirably at a distance 
from each other of 100 urn or longer, preferably, 1 mm or longer. 

[0015] The basis of the process of the present invention includes a step of forming a 
semiconductor film over an insulating substrate, a step of forming an insulating film 
thereover which is transparent with respect to laser light, a step of improving the 
crystallinity of the semiconductor film by selectively irradiating this stacked-layer film 
with pulsed laser light, a following step of also crystallizing the remained part of the 
semiconductor film by low temperature annealing or laser light irradiation of the 
substrate partly or entirely with different conditions from the previous laser light 
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irradiation, a step of removing the insulating film and forming a gate insulating film on 
a surface of the semiconductor film, and further, a step of forming a gate electrode. 
After that, an impurity element is introduced into the semiconductor film by a method 
such as ion implantation or ion doping in a self-aligned mariner using this gate electrode 
as a main mask. Further, pulsed laser light irradiation is performed to improve the 
crystallinity of the semiconductor film which is broken in the introducing step of the 
impurity element and a metal wiring is formed over this impurity region. Thus, TFTs 
are completed. Besides, the impurity introducing step may be replaced with laser 
doping (e.g., Japanese Patent Application No. H4-1 00479) which is an application by 
the present inventors. In the present invention, a low resistance metal material such as 
aluminium is preferable as a material of gate electrodes and a wirings. Furthermore, as 
a pulsed laser which is used in the present invention, a UV laser such as an excimer 
laser of KrF, ArF, XeCl, or XeF is desirable. 

[0016] Further, in the present invention, the depth of a region with good crystallinity 
which is formed by laser irradiation may be freely set or changed according to the need 
as described in Japanese Patent Application No. H3-50793, which is an invention by the 
present inventors. This may result in an active layer having a double-layer structure 
which will reduce leakage current between the source and drain. 
[0017] 

[Embodiment] 

[Embodiment 1] FIG 1 illustrates this embodiment. In this embodiment, a 
laser-crystallized silicon TFT is used in a peripheral circuit and a crystalline TFT by low 
temperature annealing is used in an active matrix region in a TFT-type liquid crystal 
display device. In this case, active layers of both TFTs can be manufactured by the 
same process. 

[001 8] First, a base oxide film 102 was deposited to a thickness of 20 ~ 200 nm by a 
sputtering method over a Corning 7059 substrate 101. Further, an amorphous silicon 
film was deposited thereover to a thickness of 50 ~ 1 50 nm by a plasma CVD method or 
a low-pressure CVD method using monosilane or disilane as a source. At this time, if 
the oxygen concentration in the amorphous silicon film is 10 IS cnT 2 or lower, preferably, 
10 17 cm -2 or lower, reduction in temperature of a low temperature annealing step and 
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reduction in time of the annealing are possible. For this purpose, a low-pressure CVD 
method is suitable. In this embodiment, the oxygen concentration was 10 17 cm 2 or 
lower. Note that, [sic] In the case where the amorphous silicon film was deposited by 
plasma CVD, a subsequent dehydrogenation step is necessary. A protective silicon 
oxide fdm (a thickness of 10 - 50 nm) 105 was formed again by a sputtering method 
over the amorphous silicon fdm. After that, an active matrix region 103 was covered 
with a photoresist 106 or the like so that only a peripheral circuit region was exposed. 
[0019] Then, as illustrated in FIG. 1(A), irradiation with a KrF excimer laser (a 
wavelength of 248 nm and a pulse width of 20 nsec) was performed, whereby the 
crystallinity of a region 1 04 of the silicon fdm was improved. The structure of a laser 
apparatus is described in, for example, Japanese Patent Application No. H4- 193005 
(filed on June 26, H4). The energy density of the laser was 200 ~ 400 mJ/cm 2 , 
preferably, 250 ~ 300 mJ/cm 2 . On the other hand, the laser light did not reach the 
portion 103 covered with the photoresist; therefore, it remained amorphous silicon. 
After that, the photoresist 106 was removed and the substrate was left under a nitrogen 
atmosphere at 550 °C for I hour, whereby the entire amorphous silicon film was 
crystallized. As a result, the region 1 03 also became crystalline silicon. 
[0020] Structures of the silicon films obtained through the above crystallizing steps 
were totally different from each other. That is, the region 104 subjected to laser 
irradiation had relatively large crystals although it was subjected to the subsequent low 
temperature annealing. As a result, high mobility was realized. On the other hand, 
the region 103, which was crystallized by the low temperature annealing, was formed 
from relatively small crystals. If the above steps were reversed and low temperature 
annealing was performed and then laser irradiation was performed, the region 104 
would be formed of small crystals as the region 103. 

[0021] After that, these Si films were patterned into island-shapes. For example, as 
illustrated in FIG. 1(B), an island-shaped region 107 for the peripheral circuit and an 
island-shaped region 108 for the active matrix region were formed. Further, a silicon 
oxide film covering these island-shaped regions was formed by a sputtering method to 
be a gate insulating film 1 09. After that, an aluminium film having a thickness of 200 
nm - 5 um was formed by an electron beam evaporation method and then patterned, 



8/18 



English Translation of JPH1 0-34 1024 



whereby gate electrodes were formed over the island-shaped regions. 
[0022] Further, the substrate was soaked in an electrolyte and current was applied to 
the gate electrode to form a layer of anodic oxide around it. Note that at that point, as 
described in Japanese Patent Applications No. H4-30220, 4-38637 and 4-54322, which 
are inventions of the present inventors, it is desirable to employ a structure in which the 
anodic oxide film of the TFT in the peripheral circuit region is thinned to improve the 
mobility while the anodic oxide film of the TFT in the active matrix portion is thickened 
to prevent gate leakage. However, in this embodiment, both the anodic oxide films 
had a thickness of 200 -250 nm. Through the above steps, gate electrode portions 1 1 0 
-112 of the TFTs were manufactured. 

[0023] After that, an impurity was injected into the island-shaped silicon films of the 
TFTs by an ion doping method in a self-aligned manner using the gate electrode 
portions (i.e., the gate electrodes and the surrounding anodic oxide films) as a mask. 
At that point, phosphorus was first injected to the entire surface using phosphine (PH 3 ) 
as a doping gas. Then, the left part of the island-shaped region 1 07 in the drawing and 
the active matrix region were covered with a photoresist, and boron was injected to only 
the right part of the island-shaped region 107 using diborane (B 2 H 6 ) as a doping gas. 
The dose of phosphorus was 2 ~ 8 x 10 15 cm" 2 and that of boron was 4 - 10 x 10 15 cm" 2 
The dose of boron was set so as to be higher than that of phosphorus. 
[0024] After that, as illustrated in FIG. 1(C), irradiation with a KrF excimer laser (a 
wavelength of 248 nm and a pulse width of 20 usee) was performed, whereby the 
crystallinity of a portion whose crystallinity had been deteriorated by introduction of the 
above impurity region was improved. The energy density of the laser was 200 - 400 
mJ/cm 2 , preferably, 250 ~ 300 mJ/cm 2 . 

[0025] As a result, N-type regions 113 and 115 and a P-type region 114 were formed. 
Sheet resistance of these regions was 200 ~ 800 Q/square. Further, at the same time, 
active regions 116-118 were formed. Among them, the active regions 116 and 117 
were crystallized by laser irradiation while the active region 1 1 8 was crystallized by low 
temperature annealing. After that, a silicon oxide film having a thickness of 300 ~ 
1000 nm was formed on the entire surface as an interlay er insulator 1 19 by a sputtering 
method. This may be a silicon oxide film by a plasma CVD method. Particularly, if 
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a plasma CVD method using TEOS as a source is employed, a silicon oxide film with a 
favorable step coverage can be obtained. 

[0026] After that, an ITO film was formed by a sputtering method and patterned as a 
pixel electrode 120. Then, contact holes were formed in the source/drain {impurity 
regions) of the TFTs and chromium wirings 121 ~ 124 were formed. FIG. 1(D) 
illustrates that an inverter circuit is formed with the NTFT and the PTFT on the left. 
The wirings 121 ~ 124 may be multilayer wirings of aluminium and underlying 
chromium or titanium nitride in order to reduce sheet resistance. Lastly, dangling 
bonds in the silicon film were reduced by annealing in hydrogen at 350 °C for 2 hours. 
Through the above steps, integral formation of a peripheral circuit and an active matrix 
circuit was achieved. 

[0027][Embodiment 2] FIG. 2 illustrates this embodiment. In this embodiment, 
laser-crystallized silicon TFTs are used in both a peripheral circuit and an active matrix 
in a TFT-type liquid crystal display device. It is needless to say that active layers of 
both TFTs can be manufactured by the same process. However, laser crystallization 
conditions are different from each other. 

[0028] First, a base oxide film 202 was deposited to a thickness of 20 ~ 200 nm by a 
sputtering method over a Corning 7059 substrate 201 . Further, an amorphous silicon 
film was deposited thereover to a thickness of 50 - 150 nm by a plasma CVD method or 
a low-pressure CVD method using monosilane or disilane as a source. Note that [sic] 
In the case where the amorphous silicon film was deposited by plasma CVD, a 
subsequent dehydrogenation step is necessary. A protective silicon oxide film (a 
thickness of 10 ~ 50 nm) 205 was formed again by a sputtering method over the 
amorphous silicon film. After that, the substrate was covered with a metal mask 206 
made of quartz. The metal mask was covered with a metal film 207 over an active 
matrix region 203 so as to transmit laser light only in the peripheral circuit region. 
[0029] Then, as illustrated in FIG 2(A), irradiation with a KrF excimer laser (a 
wavelength of 248 nm and a pulse width of 20 nsec) was performed, whereby the 
crystallinity of a region 204 of the silicon film was improved. The energy density of 
the laser was 300 mJ/cm 2 and the number of shots was 1 0. On the other hand, the laser 
light did not reach the portion 203 covered with the metal mask 206; therefore, it 
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remained amorphous silicon. After that, the metal mask 206 was taken away and as 
illustrated in FIG. 2(B), the entire surface of the substrate was irradiated with a KrF 
excimer laser (a wavelength of 248 nm and a pulse width of 20 usee), whereby the 
crystallinity of the entire silicon film including the region 203 was improved. The 
energy density of the laser was 250 mJ/cm 2 and the number of shots was 10. As a 
result, the region 203 also became crystalline silicon 208. 

[0030] Structures of the silicon films obtained through the above crystallizing steps 
were totally different from each other. That is, the region 204 first subjected to laser 
irradiation had relatively large crystals although it was subjected to the subsequent laser 
irradiation with different condition. As a result, high mobility was realized. On the 
other hand, the region 203 was formed from relatively small crystals. When the above 
steps were reversed and laser irradiation with 250 mJ/cm 2 was performed first and then 
laser irradiation with 300 mJ/cm 2 was performed, the region 204 was formed of small 
crystals as the region 203 and high mobility was not achieved. 

[0031] After that, these Si films were patterned into island-shapes. For example, as 
illustrated in FIG. 2(C), an island-shaped region 209 for the peripheral circuit and an 
island-shaped region 210 for the active matrix region were formed. Further, a silicon 
oxide film covering these island-shaped regions was formed by a sputtering method to 
be a gate insulating film 211. After that, an aluminium film having a thickness of 200 
nm ~ 5 urn was formed by an electron beam evaporation method and then patterned, 
whereby gate electrodes were formed over the island-shaped regions and anodized as in 
Embodiment 1 . Thus, gate electrode portions 212-214 were formed. 
[0032] After that, an impurity was injected into the island-shaped silicon films of the 
TFTs by an ion doping method in a self-aligned manner using the gate electrode 
portions (i.e., the gate electrodes and the surrounding anodic oxide films) as a mask. 
At that point, phosphorus was first injected to the entire surface using phosphine (PH 3 ) 
as a doping gas. Then, the left part of the island-shaped region 209 in the drawing and 
the active matrix region were covered with a photoresist, and boron was injected to only 
the right part of the island-shaped region 209 using diborane (B 2 H 6 ) as a doping gas. 
The dose of phosphorus was 2 ~ 8 * 10 15 cm -2 and that of boron was 4 ~ 10 x 10 1 ' cm 2 . 
The dose of boron was set so as to be higher than that of phosphorus. 
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[0033] After that, as illustrated in FIG. 2(D), irradiation with a KrF excimer laser (a 
wavelength of 248 nm and a pulse width of 20 nsec) was performed, whereby the 
crystallinity of a portion whose crystallinity had been deteriorated by introduction of the 
above impurity region was improved. The energy density of the laser was 200 - 400 
mJ/cm 2 , preferably, 250 ~ 300 mJ/cm 2 . 

[0034] As a result, N-type regions 215 and 217 and a P-type region 216 were formed. 
Sheet resistance of these regions was 200 ~ 800 O/square. Further, at the same time, 
active regions 218 ~ 220 were formed. After that, a silicon oxide film having a 
thickness of 300 ~ 1000 nm was formed on the entire surface as an interlayer insulator 
221 by a sputtering method. This may be a silicon oxide film by a plasma CVD 
method. Particularly, if a plasma CVD method using TEOS as a source is employed, a 
silicon oxide film with a favorable step coverage can be obtained. 
[0035] After that, an ITO film was formed by a sputtering method and patterned as a 
pixel electrode 222. Then, contact holes were formed in the source/drain (impurity 
regions) of the TFTs and chromium wirings 223 ~ 226 were formed. FIG. 2(E) 
illustrates that an inverter circuit is formed with the NTFT and the PTFT on the left. 
The wirings 223 ~ 226 may be multilayer wirings of aluminium and underlying 
chromium or titanium nitride in order to reduce sheet resistance. Lastly, dangling 
bonds in the silicon film were reduced by annealing in hydrogen at 350 °C for 2 hours. 
Through the above steps, integral formation of a peripheral circuit and an active matrix 
circuit was achieved. 

[0036] [Embodiment 3] FIG. 3 illustrates this embodiment. In this embodiment, 
laser-crystallized silicon TFTs are used in both a peripheral circuit and an active matrix 
in a TFT-type liquid crystal display device. It is needless to say that active layers of 
both TFTs can be manufactured by the same process. However, laser crystallization 
conditions are different from each other. 

[0037] First, a base oxide film 302 was deposited to a thickness of 20 - 200 nm by a 
sputtering method over a Corning 7059 substrate 301. Further, an amorphous silicon 
film was deposited thereover to a thickness of 50 ~ 150 nm by a plasma CVD method or 
a low-pressure CVD method using monosilane or disilane as a source. Note that.[sic] 
In the case where the amorphous silicon film was deposited by plasma CVD, a 
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subsequent dehydrogenation step is necessary. A protective silicon oxide film (a 
thickness of 10 - 50 nm) 305 was formed again by a sputtering method over the 
amorphous silicon film. Then, as illustrated in FIG. 3(A), only a peripheral circuit 
region 304 was irradiated with a KrF excimer laser (a wavelength of 248 nm and a pulse 
5 width of 20 nsec), whereby crystallinity of that region was improved. The energy 
density of the laser was 300 mJ/cm 2 and the number of shots was 10. On the other 
hand, the portion 303 which was not irradiated with the laser remained amorphous 
silicon. After that, as illustrated in FIG. 3(B), the entire surface of the substrate was 
irradiated with a KrF excimer laser (a wavelength of 248 nm and a pulse width of 20 
10 nsec), whereby crystallinity of the entire silicon film including the region 303 was 
improved. The energy density of the laser was 250 mJ/cm 2 and the number of shots 
was 10. As a result, the region 303 also became crystalline silicon 306. 
[0038] Structures of the silicon films obtained through the above crystallizing steps 
were totally different from each other. That is, the region 304 first subjected to laser 
1 5 irradiation had relatively large crystals although it was subjected to the subsequent laser 
irradiation with different condition. As a result, high mobility was realized. On the 
other hand, the region 303 was formed from relatively small crystals. If the above 
steps were reversed and laser irradiation with 250 mJ/cm 2 was performed first and then 
laser irradiation with 300 mJ/cm 2 was performed, the region 304 would be formed of 
20 small crystals as the region 303 and high mobility was not achieved. 

[0039] After that, these Si films were patterned into island-shapes. For example, as 
illustrated in FIG. 3(C), an island-shaped region 307 for the peripheral circuit and an 
island-shaped region 308 for the active matrix region were formed. Further, a silicon 
oxide film covering these island-shaped regions was formed by a sputtering method to 
25 be a gate insulating film 309. After that, an aluminium film having a thickness of 200 
nm - 5 urn was formed by an electron beam evaporation method and then patterned, 
whereby gate electrodes were formed over the island-shaped regions and anodized as in 
Embodiment 1 . Thus, gate electrode portions 310-312 were formed. 
[0040] After that, an impurity was injected into the island-shaped silicon films of the 
30 TFTs by an ion doping method in a self-aligned manner using the gate electrode 
portions (i.e., the gate electrodes and the surrounding anodic oxide films) as a mask. 
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At that point, phosphorus was first injected to the entire surface using phosphine (PH 3 ) 
as a doping gas. Then, the left part of the island-shaped region 307 in the drawing and 
the active matrix region were covered with a photoresist, and boron was injected to only 
the right part of the island-shaped region 307 using diborane (B 2 H 6 ) as a doping gas. 
The dose of phosphorus was 2 ~ 8 x 10 15 cm" 2 and that of boron was 4 ~ 10 x 10 15 cm 2 . 
The dose of boron was set so as to be higher than that of phosphorus. 
[0041] After that, as illustrated in FIG. 3(D), irradiation with a KrF excimer laser (a 
wavelength of 248 nm and a pulse width of 20 nsec) was performed, whereby the 
crystallinity of a portion whose crystallinity had been deteriorated by introduction of the 
above impurity region was improved. The energy density of the laser was 200 ~ 400 
mJ/cm 2 , preferably, 250 - 300 mJ/cm 2 . 

[0042] As a result, N-type regions 3 1 3 and 3 1 5 and a P-type region 3 1 4 were formed. 
Sheet resistance of these regions was 200 - 800 Q/square. Further, at the same time, 
active regions 316 ~ 318 were formed. After that, a silicon oxide film having a 
thickness of 300 ~ 1000 nm was formed on the entire surface as an interlayer insulator 
319 by a sputtering method. This may be a silicon oxide film by a plasma CVD 
method. Particularly, if a plasma CVD method using TEOS as a source is employed, a 
silicon oxide film with a favorable step coverage can be obtained. 
[0043] After that, an ITO film was formed by a sputtering method and patterned as a 
pixel electrode 320. Then, contact holes were formed in the source/drain (impurity 
regions) of the TFTs and chromium wirings 321 ~ 324 were formed. FIG. 3(E) 
illustrates that an inverter circuit is formed with the NTFT and the PTFT on the left. 
The wirings 321 ~ 324 may be multilayer wirings of aluminium and underlying 
chromium or titanium nitride in order to reduce sheet resistance. Lastly, dangling 
bonds in the silicon film were reduced by annealing in hydrogen under atmospheric 
pressure at 300 °C for 2 hours. Through the above steps, integral formation of a 
peripheral circuit and an active matrix circuit was achieved. 

[0044][Embodiment4] FIG. 4 illustrates this embodiment. In this embodiment, 
laser-crystallized silicon TFTs are used in both a peripheral circuit and an active matrix 
in a TFT-type liquid crystal display device. It is needless to say that active layers of 
both TFTs can be manufactured by the same process. However, laser crystallization 
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conditions are different from each other. 

[0045] First, a base oxide film 402 was deposited to a thickness of 20 ~ 200 nm by a 
sputtering method over a Corning 7059 substrate 401. Further, an amorphous silicon 
film was deposited thereover to a thickness of 50 ~ 1 50 nm by a plasma CVD method or 
5 a low-pressure CVD method using monosilane or disilane as a source. Note that.fsic] 
In the case where the amorphous silicon film was deposited by plasma CVD, a 
subsequent dehydrogenation step is necessary. A protective silicon oxide film (a 
thickness of 10 ~ 50 nm) 405 was formed again by a sputtering method over the 
amorphous silicon film. After that, the substrate was covered with a metal mask 406 
10 made of quartz. The metal mask was covered with a metal film 407 over an active 
matrix region 403 so as to transmit laser light only in the peripheral circuit region. 
[0046] Then, as illustrated in FIG. 4(A), irradiation with a KrF excimer laser (a 
wavelength of 248 nm and a pulse width of 20 nsec) was performed, whereby 
crystallinity of a region 404 of the silicon film was improved. The energy density of 
1 5 the laser was 300 mJ/cm 2 and the number of shots was 1 0. On the other hand, the laser 
light did not reach the portion 403 covered with the metal mask 406; therefore, it 
remained amorphous silicon. After that, the metal mask 406 was taken away and 
another metal mask 408 was newly placed over the substrate. The metal mask 408 
was partly covered with a metal film 409 only over the active matrix region 404. Then, 
20 as illustrated in FIG. 4(B), the entire surface of the substrate was irradiated with a KrF 
excimer laser (a wavelength of 248 nm and a pulse width of 20 nsec), whereby 
crystallinity of the region 403 was improved. The energy density of the laser was 250 
mJ/cm 2 and the number of shots was 10. 

[0047] Structures of the silicon films obtained through the above crystallizing steps 
25 were totally different from each other. That is, the region 404 first subjected to laser 
irradiation had relatively large crystals. As a result, high mobility was realized. On 
the other hand, the region 403 was formed from relatively small crystals. In this 
embodiment, the above steps may be reversed. 

[0048] After that, these Si films were patterned into island-shapes. For example, as 
30 illustrated in FIG. 4(C), an island-shaped region 410 for the peripheral circuit and an 
island-shaped region 411 for the active matrix region were formed, Further, a silicon 
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oxide film covering these island-shaped regions was formed by a sputtering method to 
be a gate insulating film 412. After that, an aluminium film having a thickness of 200 
nm ~ 5 |im was formed by an electron beam evaporation method and then patterned, 
whereby gate electrodes were formed over the island-shaped regions and anodized as in 
Embodiment 1 . Thus, gate electrode portions 413-415 were formed. 
[0049] After that, an impurity was injected into the island-shaped silicon films of the 
TFTs by an ion doping method in a self-aligned manner using the gate electrode 
portions (i.e., the gate electrodes and the surrounding anodic oxide films) as a mask. 
At that point, phosphorus was first injected to the entire surface using phosphine (PH 3 ) 
as a doping gas. Then, the left part of the island-shaped region 4 1 0 in the drawing and 
the active matrix region were covered with a photoresist, and boron was injected to only 
the right part of the island-shaped region 410 using diborane (B 2 H 6 ) as a doping gas. 
The dose of phosphorus was 2 ~ 8 x 10 15 cm" 2 and that of boron was 4 ~ 10 x 10 15 cm" 2 . 
The dose of boron was set so as to be higher than that of phosphorus. 
[0050] After that, as illustrated in FIG. 4(D), irradiation with a KrF excimer laser (a 
wavelength of 248 nm and a pulse width of 20 nsec) was performed, whereby the 
crystallinity of a portion whose crystallinity had been deteriorated by introduction of the 
over impurity region was improved. The energy density of the laser was 200 - 400 
mJ/cm 2 , preferably, 250 ~ 300 mJ/cm 2 . 

[0051] As a result, N-type regions 416 and 418 and a P-ty P e region 417 were formed. 
Sheet resistance of these regions was 200 ~ 800 ^/square. Further, at the same time, 
active regions 419-421 were formed. After that, a silicon oxide film having a 
thickness of 300 ~ 1000 nm was formed on the entire surface as an interlayer insulator 
422 by a sputtering method. This may be a silicon oxide film by a plasma CVD 
method. If a plasma CVD method using TEOS as a source is employed, a silicon 
oxide film with a favorable step coverage can be obtained. 

[0052] After that, an ITO film was formed by a sputtering method and patterned as a 
pixel electrode 423. Then, contact holes were formed in the source/drain (impurity 
regions) of the TFTs and chromium wirings 424 - 427 were formed. FIG. 4(E) 
illustrates that an inverter circuit is formed with the NTFT and the PTFT on the left. 
The wirings 424 - 427 may be multilayer wirings of aluminium and underlying 
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chromium or titanium nitride in order to reduce sheet resistance. Lastly, dangling 
bonds in the silicon film were reduced by annealing in hydrogen at 350 °C for 2 hours. 
Through the above steps, integral formation of a peripheral circuit and an active matrix 
circuit was achieved. 

[0053] Although two kinds of masks were used in this embodiment, three or more 
kinds of masks may be used if necessary. Further, enhanced effect can be obtained by 
combination with Embodiment 1 or Embodiment 2. 
[0054] 

[Effect of the Invention] By the present invention, TFTs could be manufactured at a 
low temperature with very high yield. In addition, as described in embodiments, 
various TFTs could be formed over one substrate according to the present invention. 
This is because necessary characteristics of the TFTs can be freely set by crystallization 
by laser irradiation. Therefore, in manufacture of, for example, an active matrix liquid 
crystal display device, characteristics of a TFT in a matrix region and a TFT in a 
peripheral circuit region could be optimized. Accordingly, the semiconductor device 
of the present invention could have excellent electrical characteristics which have not 
been able to be obtained by a conventional method. Moreover, it could be 
manufactured by substantially the same process. For example, a peripheral circuit has 
to be conventionally manufactured by a method of TAB connection or the like of an IC, 
which has increased the cost. However, such a problem was almost solved in the 
present invention. Although not described in the embodiments, the present invention 
can be applied to form a so-called 3D-IC in which a semiconductor circuit is further 
stacked over a single crystal crystalline IC or another IC. 
[Bri ef Description of the Drawings] 

[FIG. 1] A method for manufacturing TFTs of the present invention is illustrated. 
[FIG. 2] A method for manufacturing TFTs of the present invention is illustrated. 
[FIG. 3] A method for manufacturing TFTs of the present invention i s illustrated. 
[FIG. 4] A method for manufacturing TFTs of the present invention is illustrated. 
[Reference Symbols] 
101: insulating substrate. 
102: base oxide film, 

103: semiconductor region (matrix region), 
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104: semiconductor region (peripheral circuit region), 
105: protective insulating film, 
106: mask (photoresist), 

107: island-shaped semiconductor region (for peripheral circuit), 
5 108: island-shaped semiconductor region (for matrix), 

1 09: gate insulating film, 

110: gate electrode (for NTFT), 

111: gate electrode (for PTFT), 

112: gate electrode (for active matrix TFT), 
10 113,115: N-type impurity region, 

114: P-type impurity region, 

116-118: active region, 

119: interlayer insulator, 

120: pixel electrode (ITO), and 
15 121 ~ 124: metal wiring. 
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T, 5tC 2 5 0 m J / c m' » l/-f-IHSrfft\ 
(Di300mj/c m'co i^— !r' fTX.fi , flt« 
2 0 4 iiftt£ 2 0 3 t m £ /rflfi/j* *b«f£ .15 ndG# 
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Hd!l3 0 9 t Lfc D ^(7#, g$200nm~5^mi0 



m^^--7 ? - -> = 7i« - 1 -T- J t j 

u , «#y it» iie^ft * as it, >f^\ mm 

3 10—312 &M$LLlta 

[0 0 4 0] -?r»tl, -fi-7K-t:'7^SE±ot, # 

■7-V hmffii^co^lHcoMli'ftK) ir-^T' i LTD 

i'77^X7^v (PH,) fcK-f>^^fcL-C»t: 
SAL, l©l,t«3 0 7fflfclt77f-f 

h V 7^I«S;7t f7^7 ffSot, -7^*7 >- 
(B 2 H s ) *r K-e7-7*77'7 t Lt, ft#C®«3 0 7 

o^fliff iti7fflj^$-si7v ufco K-x-sii, m± 2 ~ 8 

X 1 o' 5 cm~\ ffl5^!14~l OXlo'cm'iL, 

[0 0 4 1] troft, 0 3 (D) i^ti'jtKrFx 
df-i/^-U— (4SiS2 4 8 nm, ^Wfi2 0ns 
ec) SrfiSWLT, i1B^«*«*»WAtJ;oT. 

3L%./U*?~&8LtS 20O~4O0mj/cm, *f * L 
<IJ2 5 0-3 0 0mJ/cm'i Lfc 0 
[0 0 4 2] - 60SS*, N^ffjffl® 313, 3 1 5 , *5 

j;tKPSoli^3 i 4^5jf^$t7fc D r. 
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fc„ ^Lt, T F T 7 — 7./ K L"l" > (T->IfeffllS) 
^37-^7 h*-^5r?f^L, 7n7,|Sil3 21-32 
4«rJESdEL,t. 0 3 (E) fc|i£«©NTFTi:PTF 
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o ott^Pt^r^Mt, v-y ^7ii»^>-7 y 7 

[i 4 -] I u ' -> L4 i ^pf'Jl 7 77 
7 i 7 . T F T 7 ' -7 c 7 7 Z ' 7 ' ' _ ' f 

7V S y ^ *JXm^ l- — if |oBa{b7 !)3VTFT« 
fflLfcf>CDT-&3, MTFT»SftS*P3-7"n 

[0 0 4 5] Si", ^-^77" 7 0 5 9J£fi4 0 1 ii 
(1, 7./< 7 * i o -CTii^ftlf 4 0 2 ^ 2 0 - 
2 0 0 nmJtiU: s Sbf', iPXhl-TTr 7 77 7 J bL 
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2 0 n s e c) £fittLT. 0Uft4 0 3 ©fctftttSr&SF 
U— f-(73^^u¥~a5S(±2 5 0 m J / cm 
\ 1 OVa s/ htLfc. 
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SAL, ^«f> d«A^*4 1 0<D£«£7^x-f 

7V h y ^^#S^Sr7^- !- V-v>X ht'lot, '^7^ 

(B,H,) ^K-fymtU, IM£Ht*4 10 



©^fijfftt^ll^trSA Lfco K-Xili, jpii 2-8 
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